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In this study, MPPSIRD and the PGM were used to determine AI I L I CA I I 0 N I O The low resolution mass spectrum corresponding to the \ c O R R E LA I I N G In I_:igure 5 is depicted a pogsible fragmentati_qn scheme that yields_ all of the ions shown to be
A B s I RAc I the elemental composition of a synthesis product that was prepared T 7 e el e chromZtogram ooy thepprima?y assomate.d with the molgcular ion. Thg composmops of the fragmerll’F ions ar!d the neutral losses,
by the Human Exposure Research Branch (EPA) to develop a new compound in the synthesis product is shown in Figure 1. The F RA M E N I I N and rational explanatlon_s for formation of all the ions prpwde additional evidence that theT target
; 6 ; ) : compound was synthesized. Although other fragment ions and neutral losses could be isolated,
immunoassay.” MPPSIRD was further employed to determine presumed molecular ion of the target product at m/z 332 and hoi o piE oot S Dy " sl PL S
elemental compositions of fragment ions observed in the low numerous possible fragment ions were observed. lons with e ions with high relative abundances that were investigated were sufficient to provide structura
A resolution (1,000) fil s6an (30.700 Da) mase spacirim shown in SYNTHESIS PRODUCT /2 360 and i M2 971019 v, iz 107.0499 AND THE NMOLECULAR ION .. moeoie. Sanicant sbuctr informaton vas deduced fom HRUS alone
crucial step in developing immunoassay methods Figure 1. From this information, structural features of the product ] | b

C.H..} C.H,0* 1710704 without resort to NMR or FTIR, which require purification of products before analysis.
. . 73
for small molecules is synthesis of haptens. were determined, to provide further confirmation of the product's m/z 96.9514 m/z 107.0499

R POSSIBLE
_ _ 107 _ ' ' ' lons are easily correlated with GC/MS by superimposing
le\AR ort.FTI]f{. In ;[rl;\ls Stuld)tl),'lHRMS .prqwded structural correspondmg to the maximum in the ion normalized ion chromatograms of the molecular ion and the suspected
information tor a thérmolabilé, non-ionic, : fragment ions. Volatilization from a probe, however, provides much less
phosphorothionate compound in a synthetic mixture chr Omatogr am for the m/z 332 ’O.n.' S e —— ] separation capability than a GC. To compensate for limited separation
without prior separation. A direct insertion probe The ion abundances were magnified by interest, since one might be the parent ion of the m/z 332 ion. | ] in the time domain, high mass resolution was used to provide separation H E M E
10 above 350 Da 30 45 100 1:05  1:30 145 2:00 2:15  2:30 5 90 45 1:00 115 130 145 200 2en 230 in the mass domain. Hence, ion chromatograms obtained with high

Determining the exact mass of the molecular ion of identity.

synthetic products provides incomplete confirmation. R E s u I I s A N D
To reveal structural features of the molecule,

purification or chromatography is required before using 273 FIgUI’e 1. Low resolution mass spectrum
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introduced the product into a VG70-250SE mass
spectrometer. lons from the product and impurities
were separated by mass using HRMS rather than in the

: . . . mass resolution were still useful for correlating ions. When two ion
e i i : t e e Flgure 3 lon Chromatograms acqu:red with 10,000 resolution for chromatograms did not overlap as in Figure 3a, the ions originated from ﬁ 0 O+
ime domain by using chromatography to separate the

i _ (a) m/z 107.0499 and m/z 96.514, and (b) m/z 107.0499 and m/z 97.1019. different compounds. When two ion chromatograms overlapped as in # PO ~(@)- CHyCH,CH,C~0H
original compounds. A fragmentation scheme based on

0
[ iti i Figure 3b, they usually originated from the same CW,G\’“ o * S
lon and fragment ons was consistont with the structural o s compound. For mz ratios greater than 133, linked S AN

i X ) H transfer 0 <Q (C, 4Hy105PS) P o _+
, scans confirmed that several ions were daughter ions. . */ 3 U | > 0—~0)-CH-CH,CH,C=0
features of the desired product.

O w®
s For example, the linked scan in Figure 4 indicated that SH —H,C=CH-C—0H ﬁ C\“"C ﬁ 314,0742
m/z Ratio E L E M E N I A L Table 1. Elemental compositions and quantities useful for distinguishing among them. 80- ions with m/z 314, 273, 260, 245, 217, and 171 were *l_eHZC_OH o
S

Il
“F~o-(0)-¢ 2 (Cy4H1404PS)
70 produced from the m/z 332 ion. c\*sc’mo j ©-cH, H rearr. S 14T
COMPOSITION S —— Resoluton: 20000 o o

RDB* Composition MP M+1° M+2° %M+1° %M+1 Range® %M+2°¢ %M+2 Range’
OF I HE IVI‘ 'LE‘ ' 'L“ R I‘ 'hl 18. C,H,gNgP,S .0850 .0874 X .0811 .8-15.2) ( 3.8-5.7)

Multiple ions were found for some m/z ratios. In X (C1H;705PS) Hzcl:—o/;»\o—@<]
these cases, ion chromatograms acquired with 10,000- S 2730714 S ’
5.5 C,H,,O.NP,S .0850 .0882 .0816 .4-14.5) .9- 5.7)
5. C1082603NP‘ .0863 -0896 -0918 . -13. )
Ex P E RI M E N I AI The exact mass of the m/z 332 ion was determined to be 332.0855 £0.0010 Da (+3 ppm) from the
mass peak profile in Figure 2b obtained at 20,000 resolution. The PGM determined that 53
compositions were possible within the error limits of the exact mass determination. In Table 1, 17 of the

10 24,000 mass resolution alone were used to find § (Cy3H1 05PS) /g\ o« |+
- daughter ions. For example, the ion chromatograms g 12771873 RS o/ °‘©‘CH'?-CH2
20.5 C,,H;,ON, .0856 .0881 .0901 .4-17.
14.5 C,,H,,O,N.S, .0851 .0878 .0812 .8-17.
The Journal of the American Society for Mass Spectrometry’ states that s AM P L E possible compositions are listed with the calculated mass defects for the M profile and the M+1 and
the "acceptable uncertainty” in the exact mass measurement must be M+2 partial profiles, as well as the calculated abundances of the M+1 and M+2 partial profiles relative

for two of four ions with a nominal mass of 97 Da are @ah)
shown in Figures 3a and 3b. The trace for 96.9514 * | —CoH,
14.5 C,H,,ON.P,S .0864 .0892 .0827 .7-117.
8.5 C,;H,,O,NS, .0846 .0872 .0805 .3-18.
assessed and all elemental compositions possible for an ion within that error to the M partial profile. The permissible ranges for %M+1 and %M+2 calculated by the PGM are shown
range must be considered. The number of compositions possible for an ion I N I Ro D U c I I O in parentheses. The experimental values were determined from the partial profiles in Figure 2c. The 19. C,.H, ,ON,S .0858 .0888 .0825
increases rapidly for a given error limit as a function of the ion's mass and the error limits exceeded by the experimental results are marked with "X". Because only C, H, N, O, P,

10 171 245 (H20O,PS*, characteristic of phosphoronates)
8. C,:H,NP,S; .0859 .0887 .0818 .1-17. ’
- i Fex o c C,.H,,0,PS .0847 .0880 .0813
number of elements considered.2 When confirming identities of synthetic and S atoms were present during synthesis, only the expected composition, C14H2105PS, was 5 8 1421Ys

0 , | L 21|? L | 314 correlates well with that of the m/z 107 ion produced
- clpo ¥ "0856 0888 " 0905 e DU I . N
11.5 C,.H,O,N.P, .0847 .0879 .0904
products, the list of elements can be limited to those in the reactants, consistent with the five quantities; the other 52 compositions were not. Experimental Values: .0855 .0887 .0811
solvents, and catalysts.
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Figure 4. A linked scan (constant B/E) o o
for m/z 332 as the parent ion. : { '—HZOZPé ) -
0

(= 1
hoOUIMOUUONOOUIMFROOO

mbooommommmmmmwo

1
fay
')

11.

8.
17.
11.

C..H,ON,S, .0864 .0893  .0826
Cy4H,50,P; .0860 .0894 .0920
C;.H,ON,PS  .0861 .0892 .0826
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120.0575 H HO  517.0088
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A small amount of the synthesis product Using full and partial profiles acquired at 10,000 and 20,000 resolution, the compositions of the Ringsidnd doublelsonas AMinimumwit Vilences ore 3’. e 2.for N and. = Bl .maXImum with l-CZH‘ o o /—HOZPS \—CZHSO
was dissolved in about 1 mL of toluene. From m/z 360 and m/z 389 ions seen in low abundance in Figure 1 were determined using the PGM to be valences of 5, 5, and 6 for N, P, and S; "based on partial profiles that provide maximum area;
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0.1 - 1 uL of the solution was injected within C16H2505PS™ and Cq7H2604PS;", respectively, based on the five criteria. Because the m/z 332 ion °based on full profiles; “based on partial profiles centered about the calculated mass of the hypothetical iI, H—CH, * .-Hzo 2 ~P—0—~(0)-CH,

]
' . o Plo Ly 0 107.0497 153.0105
Sty A - A linked scan for m/z 360 indicated that the m/z 332 ion was not formed from the m/z 360 ion either. 5.1 13 ons formed by Table 2 otz on | ”

0 g ‘ . ] . : R B - 88— 7 . ) P (C4H,0) c
e e application of this criterion will reject this composition if the hypothetical composition is correct. masses of 13 ions formed by related to m/z 332 ion. 125 07" <@ 7 F|gure 5. (C7Hg0,P)

o fragmentation from the m/z 332 ion, _ (C,Hs0,PS) . 16 ' ' '
o R s E L E c I N G Eloc:tk.d I:e blogk \t/yas (a3t 2?'0 hC atfld sIOV\gy and in Table 3 are listed the exact c RRDB . Exp;:lmental (Error) ;/—Poz (CaHa0,PS) N«xpoz Plausible fragmentation scheme for the ions
F I eated the probe tip. séntlé heating made masses of the corresponding neutral omposition ange ass mmu _ CH R . :
thermal decomposition of the analyte less 334.0818 +0. CaHy +o /s ,2 investigated that were produced from the

losses determined from the mass C,H,,0,P*'S® S=2=C S=(O=C¢
T T likely. Most of the product was volatilized over difference between M+- and the 13¢cc,,H,,0,PS® 333.0881 +0.

N \, m/z332ion. The 7-digit masses are the
136.0347 H H .
fragment ions. The compositions in GRS S ﬁ 139
+

the table of fragment ions are the C1el1s0.PS 314.0730 -1. o P (CaHgS) (CgHsS) theoretical masses for compositions
co M P OS I I I O N M P P s I RD unique elemental compositions that CiiHﬁO;PS

T o o I s the probe capillary and the solvent was contains one more O atom than the m/z 389 ion, the m/z 332 ion was not formed from the m/z 389 ion. composition, 1 mass increment at +10% of resolution, and isotopic abundance.® An "x" indicates

273.0711 : :
96.9515 determined using MPPSIRD and the PGM.
correspond to each exact mass C,,H,(0,PS 259.0557
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of each element in the molecular CgH,,0;PS
CONCLUSION
of 3, 3, and 2 for N, P, and S, and maximum with valences
data, Mass Peak Profiling from Selected lon abundances of the M+1 and M+2 partial profiles relative to the M partial

ion: C.H,,0;PS
Recently, the Environmental Sciences In Figure 2a are displayed ion chromatograms obtained at different 'ﬁg‘r‘ a1ll4ngl,1t2r;I Il-|o sie?s’ 153’/?%1 = C:Hizo:ps
Division of the Office of Research and m/z ratios across the mass peak profile in Figure 2b that was plotted from I D E N I I FYI N G composition was pos’sible - the one C,H,O,P
Development, U.S. EPA, developed analytical the areas of the shaded chromatographic peaks. Figure 2b is a full mass that corresponded to subtraction of CgHgS
tools used to determine the elemental peak profile acquired at 20,000 (+10%) resolution with 5-ppm mass b R g, U S CqHz0 5. 120.0573

compositions of ions formed from increments between the points. The chromatographic peak areas used to F RAG M E N T I o N s from the composition of the molecular g-,gygs o 54 . 5 1(9)'; o g;iz

environmental contaminants in complex plot the three partial profiles in Figure 2c were acquired using a single SIR . 2Tz : : :

- . exact masses eliminated numerous of 5.5, and 6 for N, P, and S: brost abundant M+1 or M+2 ion. Tr.aditionally,. to provide mass sp_ectrometric confirmation of the ider]t_ity of a gynthesis prgdl_Jct, the exact mass of .the .molecula.r ion is

Recording Data (MPPSIRD),*® and a Profile profile are obtained; the exact masses as weighted averages of the top The compositions of fragment ions and neutral losses other plausible neutral losses based determined and cited as consistent with the expected elemental composition within the error limits of the mass determination. In this study, the
Generation Model (PGM)? e olan e g produced from the molecular ion reveal structural details of on nominal masses . Table 3. Exact masses of evidence that the product was made was far more complete. All other possible compositions based on the exact mass and its error limits were
experiments and interpret the data. The PGM sum of the six points for each partial profile. Partial profiles were used only a compound.”# With probe introduction, composite mass of the fragment ions. . . rejected, and structural details were deduced from the compositions of the fragment ions and neutral losses.
considers error limits of the exact masses to identify molecular ions. The exact mass obtained from the partial profile spectra were observed due to impurities. A three-step Sl neutral losses determined as
determined for the M, M+1, and M+2 mass of a single calibration ion (not shown), which is also monitored for both full

260.0631
based on the total number of atoms C,oH1405PS 245.0399 (H,02PS) The gster/sks I_ndlcate frag mentations
i%Z . gggg confirmed by linked scans.
153.0135 -0.
153.0104 .
mixtures.3 The tools are a new high resolution descriptor, which can monitor no more than 25 m/z ratios. From the partial _ ?hnécll-?cl)? 38;2?3::; prg’é?aeiiii ®Rings and double bonds: minimum with valences

mass spectrometric technique for acquiring profiles, the exact masses of the M+1 and M+2 partial profiles and the 332.0855 y. 9

process was employed to investigate prominent ions mass ) This study used high resolution mass spectrometry to provide compelling evidence that the desired synthesis product was made.
_ o o o st observed in Figure 1. First, the exact masses of the c O M P o s I I I o N s mass differences between the Researchers with access to high resolution mass spectrometers should become aware that the capabilities of these machines for aiding in

Fa)‘ringpr)ﬁ;l)?zﬁellgs :QIZt?vbeuPodfhr;eosf ?r]:ethl\?l M+1 p p , y : fragment ions at each nominal mass were determined from molecular and fragment jons. synthetic studies have been expanded by development of MPPSIRD, which operates with the B2.2 data system of VG-70S mass spectrometers

lon Abundance

profile. Testing criteria based on five MPPSIRD provides about 100 times more sensitivity and 3-fold faster 16.5% 9.5% data acquired at 10,000, and in some cases 20,000 Neutral Saalreie] (56 and the PGM.  These tools are available, free of charge, from the authors.
quantities, three exact masses and two relative cycle times* than KVE scanning at 10,000 resolution. However, these 333.0887 334.0811 TRl SEennd, 97 CaemEiREEre W SEgIEe & O I I H E Losses Mass (mmu)
abundances, rather than a single exact mass, advantages were not important in these experiments. Here, MPPSIRD was 10,000 or greater resolution to determine which ions

; S Wi fragmented from the molecular ion. Linked scans acquired Zyle ol 2 +1.1
increases the upper mass limit for which a used_rather thap KVE scanning for three other reasons. (i) With MPPSIRD’ S e 0 0 0 with low resolution (1000) were alsb used for this purpose F RAG M E N I 0 N s 3, 4, 20 72,0216  +0.5
unique composition can usually be determined data interpretation was automated, whereas KVE scan data requires i s : I 3C,4H, 20 72.0216 +0.5

. Instructions for Authors, J. Am. Soc. Mass Spectrom., 8, A14 (1997).
- - - - . o . . spectral 3¢, 5H,20 73.0290 Y . A. H. Grange and W. C. Brumley, J. Am. Soc. Mass Spectrom., 8, 170-182 (1997). R E F E R E N E
N, O, P, or S atoms.2 (ii) The error limits for exact mass determinations and relative abundances ~ Retention Time (min) m/z Ratio m/z Ratio compositions of the fragment ions based on the maximum : _SP 4c,7H,20 87.0448  +0.2 - A.H. Grange and W. C. Brumley, LC+GC, 14, 78-986 (1996).
S for the M+1 and M+2 profiles by MPPSIRD have been established and are number of atoms of each element in the molecular ion. IngepiEiEi e 2 glEEiEy EALLHIE0 LDl 2 - A

— - . ol e . H. Grange, J. R. Donnelly, W. C. Brumley, S. Billets, G. W. Sovocool,
; : 5 which i R o . . . The ions labeled in Figure 1 were investigated. confidence in fragmentation schemes C,9H,20 . +0. Anal. Chem., 66, 4416-4421 (1994).

ligerfpanlizel I s PIEL® e 2 Used] @ vefzel Misaeeh Comeesilens Figure 2. (a) chromatographic peak areas under ion chromatograms 9 9 result when the correct composition 10C, 118,30 179.0712  +0.

using criteria based on these quantities automatically. (iii) The computer

. A.H. Grange, J. R. Donnelly, G. W. Sovocool, W. C. Brumley, Anal. Chem., 68, 553-560 (1996).
. . . ) ; . 7C,15H,30,S 179.0743 +0. . J. C. Johnson, J. M. Van Emon, D. R. Pullman, K. R. Keeper, Accepted J. Agric. & Food Chem.
memory requirement for data is an order of magnitude less for MPPSIRD. acquired at five m/z ratios across the top of a mass peak profile. ggfear(r;nhlrllzrc]i SO MEMIENRES 2 6C,13H,50.P  196.0502 +0.

. A. H. Grange, G. W. Sovocool, Proc. 45th ASMS Conf. on Mass Spectrom. & Allied Topics, 939 (1997).
\ . 6C,13H,40,P,S 212.0274 +0. 8. M. S. Lee, S. E. Klohr, E. H. Kerns, K. J. Volk, J. E. Leet, D. R. Schroeder, |. E. Rosenberg, J. Mass Spectrom., 31, 1253-60 (1996).
(b) a full mass peak profile plotted from chromatographic peak areas, 7C'14H 40.P.S 225.0348 -0

o Acknowledgment: The authors thank Kenneth R. Keeper for performing the synthesis and Jeffrey C. Johnson and Dr. Jeanette Van Emon for providing a sample of the product.
including those in (a). (c) partial mass peak profiles for M, M+1, and M+2 ions. 14c,19H,30 235.1333  -0.

Note: The U.S. Environmental Protection Agency (EPA), through its Office of Research and Development (ORD), funded this research and approved this abstract as a basis for a poster
presentation. The actual presentation has not been peer reviewed by EPA.
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